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INTEGRAL SEALANT O-RING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional

Patent Application Ser. No. 62/659,360, entitled Integral
Sealant O-Ring and filed Apr. 18, 2018, the disclosure of

which 1s herein 1incorporated by reference in its entirety.

BACKGROUND

1. Field of the Disclosure

Embodiments of this disclosure relate generally to sealing
tasteners, and more specifically to sealing fasteners associ-
ated with aircraft tuel tanks for preventing fuel leaks.

2. Description of the Related Art

None.

SUMMARY

In an embodiment, an integral sealant O-ring for sealing
fasteners 1n mating surfaces of a fuel tank 1s provided. An
inner mating surface has an inner hole for receiving a
fastener. An outer mating surface has an outer hole for
receiving the fastener with the outer hole being aligned with
the mner hole. The fastener has a shank portion aligned
through the 1nner hole and the outer hole and a head portion
protruding adjacent the inner mating surface for tightening
the fastener. A chamier 1s provided around one of the inner
hole or the outer hole along a fay interface between the inner
mating surface and the outer mating surface. A layer of
sealant 1s applied along the fay interface. The integral
sealant O-ring 1s formed in the chamier by the layer of
sealant upon tightening of the fastener.

In another embodiment, a fastener seal for sealing fas-
teners 1n mating surfaces of a fuel tank 1s provided. An inner
mating surface has an inner hole for recerving a fastener. An
outer mating surface has an outer hole for receiving the
tastener with the outer hole being aligned with the inner
hole. The fastener has a shank portion aligned through the
inner hole and the outer hole and a head portion protruding
adjacent the inner mating surface for tightening the fastener.
A first chamfier 1s provided in the outer mating surface and
1s adapted for receiving a tapered end of the fastener. A
second chamfter, concentric with the first chamtfer, has a
narrower cone angle than that of the first chamier such that
a radial channel 1s formed around a portion of the shank and
a portion of the tapered end. A layer of sealant 1s applied
along the second chamifer such that an integral sealant
O-ring 1s formed 1n the radial channel.

In yet another embodiment, a method of forming an
integral sealant O-ring for sealing fasteners of mating sur-
faces of a fuel tank 1s provided. The method includes
forming a chamfer in a first mating surface substantially
concentric with a first hole, the first hole adapted for
receiving a fastener through the first mating surface; apply-
ing a layer of sealant along the first mating surface; and
arranging a second mating surface substantially in parallel
with the first mating surface. The second mating surface has
a second hole aligned with the first hole. The method further
includes inserting the fastener through the first hole and the
second hole; pulling together the first mating surface with
the second mating surface by tightening the fastener, which
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2

traps a portion of the sealant within the chamfer for forming
an integral sealant O-ring around a shank portion of the
fastener.

BRIEF DESCRIPTION OF THE DRAWINGS

Ilustrative embodiments of the present disclosure are
described 1n detail below with reference to the attached
drawing figures, which are incorporated by reference herein
and wherein:

FIG. 1 1s a cross-sectional side view of a prior art
aircraft-wing fuel-tank fastener installation;

FIG. 2 1s a cross-sectional side view of an aircraft-wing
fuel-tank fastener installation having an integral sealant
O-ring, 1n an embodiment;

FIG. 3 1s a cross-sectional side view of another embodi-
ment of an aircrait-wing fuel-tank fastener installation hav-
ing an integral sealant O-ring;

FIG. 4 1s a perspective view of a prior art aircraft-wing
fuel-tank fastener installation:

FIG. 5 1s a perspective view of an exemplary aircraft-wing,
fuel-tank fastener installation having an integral sealant
O-ring, 1n an embodiment; and

FIG. 6 1s a block diagram showing steps of a method for
forming an integral sealant O-ring for sealing fasteners of
mating surfaces of a fuel tank, 1n an embodiment.

DETAILED DESCRIPTION

For aircrait fuel tanks that have a “wet wing” configura-
tion, meaning that no bladder 1s used to contain fuel within
the wing, special means are needed to prevent leaking of fuel
especially along fasteners of the fuel-tank/wing surfaces.
Standard practice for sealing fuel-tank fasteners 1s to apply
a fay and {illet seal to mating surfaces of the wing structure
and a daub seal to a wet end of each fastener protruding into
the fuel tank.

FIG. 1 1s a cross-sectional side view of a prior art
aircrait-wing fuel-tank fastener installation 100. Dimensions
in the figures are not drawn to scale. Mating surfaces of an
aircrait wing structure often include a first surface fastened
to a second surface. For example, as depicted 1in FIGS. 1-3,
the first surface 1s an outer surface 131 and the second
surface 1s an inner surface 132. Outer and inner surfaces 131,
132 may be made of sheet metal, for example, and are
aligned substantially parallel with one another 1n a trans-
verse direction. Outer surface 131 has an 1nner side adjacent
iner surface 132 and an outer side opposite the mner side.
Inner surface 132 has an inner side that 1s exposed to fuel
within a bladderless fuel tank and an outer side adjacent
outer surface 131. Outer surface 131 may be an outer wing
surface with 1ts outer side exposed to air outside of the
aircraft. The interface between the 1inner side of outer surface
131 and outer side of the inner surface 132 1s known as a
“fay interface”.

A fastener 120 1s used to pull outer surface 131 and 1nner
surface 132 together along the fay interface such that the
inner side of outer surtace 131 mates flush with the outer
side of inner surface 132. In practice, a plurality of fasteners
are used to pull the mating surfaces together; however, only
one lastener 1s described and depicted in the figures for
clanty of illustration. Fastener 120 1s for example a rnivet or
HI-LOK™ pin (Lis1 Aerospace, Paris, France). A shank
portion 122 of fastener 120 passes through aligned holes of
the mating surfaces 1n a longitudinal direction, substantially
perpendicular to the transverse direction. Specifically, a first
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hole 1s drilled through outer surface 131 and a second hole
1s drilled 1n a matching location through inner surface 132.

A sealant 115 1s placed along the fay interface, between
outer surface 131 and inner surface 132, prior to pulling the
surfaces together. An example of sealant 115 1s 3M™
Aerospace Sealant AC-350 (3M, Maplewood, Minn.). Seal-
ant 115 forms a fay seal itended to prevent fuel from
seeping along the fay interface and contacting shank portion
122, where 1t may seep along shank portion 122 and leak
outside. The problem with fay seals 1s that they are not
completely reliable because sealant 115 1s pressed away
from shank portion 122 as the mating surfaces (e.g., outer
and 1nner surfaces 131, 132) are pulled together leaving a
gap 116 having little or no sealant directly around shank
portion 122. Gap 116 lacking sealant provides a potential
path for fuel to leak along shank portion 122, especially it
there 1s a flaw 1n one of the mating surfaces along the fay
interface.

A fillet seal may be applied around the edge of a head
portion 123 of fastener 120, but application of a fillet seal 1s
laborious. In practice, a daub seal 117 1s applied to head
portion 123 of fastener 120, as depicted in FIG. 1. To
improve task efliciency, excess sealant 1s applied to daub
seal 117, which may result 1n up to approximately seventy-
five percent of the sealant applied being unnecessary. There-
fore, daub seal 117 adds weight to the aircrait (in the form
of excess sealant) and also requires labor in addition to
applying a fay seal.

Embodiments of the present disclosure provide a chamier
for receiving sealant around a fastener, which forms an
integral sealant O-ring around a shank portion of the fastener
adjacent a fay interface. Advantages include improved pre-
vention of fuel leakage from a wet wing aircraft while
climinating the need for a daub seal applied to the fastener.

FIG. 2 1s a cross-sectional side view of an exemplary
aircraft-wing fuel-tank fastener installation 200. Mating
surfaces of the aircraft-wing structure are the same as FIG.
1, namely outer surface 131 and inner surface 132. In certain
embodiments, outer surface 131 1s an outer wing surface
with 1ts outer side exposed to air outside of the aircratt.

As depicted 1n FIG. 2, an exemplary fastener 120 1s a
countersunk bolt having a tapered end 121 flush with the
outer side of outer surface 131. Shank portion 122 of
tastener 120 passes through a first hole of outer surface 132
and a second hole of inner surface 132, and head portion 123
1s adjacent the inner side of mnner surface 132. Head portion
123 1s for example a rivet head or a threaded nut for
tightening along corresponding threads of shank portion
122. Once tightened, outer surface 131 and inner surface 132
squeeze sealant away from shank portion 122 forming gap
116, as further described below 1n connection with FIG. 4.
Head portion 123 1s also referred to as the wet end of
tastener 120 since 1t gets wet from fuel when fuel 1s present
in the fuel tank. An improperly sealed fastener 120 1is
susceptible to wicking or seeping of fuel along and under
head portion 123 and along shank portion 122 to the outer
side of outer surface 131.

As depicted 1n FIG. 2, a chamier 110 1s provided along the
fay interface and around the fastener hole 1n outer surface
131. However, chamier 110 may be provided along the fay
interface in either outer surface 131 or inner surface 132 as
turther described below 1n connection with step 610, FIG. 6.

Sealant 115 1s applied to the fay interface as further
described below 1n connection with step 620, FIG. 6. Sealant
115 fills chamfer 110 such that sealant 115 forms a ring
around shank portion 122. Outer surface 131 and inner
surface 132 are pulled together via fastener 120, as further
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described below in connection with step 650, FIG. 6. A
portion of the sealant remains trapped around in chamier 110
despite sealant being squeezed away from shank portion 122
along the fay interface forming gap 116. In other words,
integral sealant O-ring 112 1s an O-ring made of sealant 115
that 1s integrally formed around shank portion 122 1n cham-
ter 110 along the fay interface of the mating surfaces, as
depicted 1n FIG. 2. The resulting integral sealant O-ring 112
obviates the need for performing a secondary operation of
applying daub seal 117 to head portion 123, as depicted 1n
FIG. 1.

Chamier 110 1s formed 1n a fay surface around a fastener
hole as part of the process of drilling the fastener hole.
Exemplary drilling processes used to form chamier 110 are
described below 1n connection with step 610, FIG. 6. Fas-
tener 120 1s preferably cleaned prior to installation 1n outer
and 1inner surfaces 131, 132 to avoid contamination, which
may inhibit sealant 115 from adhering to shank portion 122,
as further described below 1n connection with step 640, FIG.
6.

As depicted 1n FIG. 2, chamifer 110 forms a maximum
width “A” around shank portion 122 and a maximum depth
“C” 1into outer surface 131, where outer surface 131 has a
thickness “D”. The diameter of head portion 123 1s such that
it overlaps shank portion 122 in a radial direction by a
distance “B”. In certain embodiments, width A of chamfer
110 1s less than or equal to half of distance B, and depth C
1s less than or equal to half of thickness D. A cone angle of
chamifer 110 may be within the range of fifteen to sixty
degrees and preferably about forty-five degrees with respect
to the longitudinal direction of the shank portion. Chamier
110 may have straight or curved walls without departing
from the scope hereof.

FIG. 3 1s a cross-sectional side view of an exemplary
aircraft-wing fuel-tank fastener installation 300. Fastener
installation 300 1s an example of fastener installation 200,
FIG. 2 having an additional integral sealant O-ring 142
formed around a portion of fastener 120. Specifically, inte-
gral sealant O-ring 142 1s formed around part of shank
portion 122 adjacent tapered end 121 and around a portion
of tapered end 121. Integral sealant O-ring 142 may be used
in place of integral sealant O-ring 112 or in combination
with integral sealant O-ring 112 as depicted 1n FIG. 3.

Integral sealant O-ring 142 may be formed by adding a
narrow chamier 140 to a wide chamier 124. Wide chamfier
124 1s adapted for accepting tapered end 121 of fastener 120.
Narrow chamifer 140 may be added by drilling with a
countersink drill as described below in connection with
optional step 615, FIG. 6. Narrow chamier 140 provides a
radial channel around shank portion 122 above tapered end
121. As described below 1n connection with optional step
625, the radial channel may be filled with sealant prior to
insertion of fastener 120 such that an integral sealant O-ring
142 1s formed in the radial channel for preventing fuel
seepage from the tuel tank along fastener 120 to the outside.

FIG. 4 1s a perspective view of a prior art aircraft-wing
fuel-tank fastener installation 400. In FIGS. 4 and 5, outer
surface 131 1s depicted as a transparent material (e.g., an
acrylic block) for demonstration purposes only such that
sealant 115 may be viewed along the fay interface with 1nner
surface 132. Shait 122 1s visible through the transparent
outer surface 131.

In the prior art installation 400, a gap 116 1n sealant 115
forms around shank portion 122 upon tightening of the
fastener. In other words, as outer surface 131 and inner
surface 132 are squeezed tightly together, sealant 115 1s
compressed near the fastener. Since the portions of the
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mating surfaces closest to the fastener are squeezed together
the tightest by the fastener, the area immediately surround-
ing the fastener tends to be evacuated of sealant 115 forming
gap 116. Gap 116 leaves an unsealed area around shank
portion 122 providing a potential path for fuel to leak along
the fastener from inside the fuel tank.

FIG. 5 1s a perspective view an exemplary aircraft-wing,
tuel-tank fastener installation 500 having an integral sealant
O-ring 112. The O-ring 112 1s formed of sealant that fills 1n
a chamifer around shank portion 122 at the fay interface. The
chamifer may be added to either the mner surface 132 or the
outer surface 131. After applying sealant along the fay
interface, the fastener 1s tightened, and sealant 115 remains
trapped 1n the chamier such that gap 116 1s separated from
the shank portion 122 by the integral sealant O-ring 112. In
this manner, the fastener 1s sealed preventing fuel from
leaking along the fastener.

FIG. 6 1s a block diagram showing steps of a method 600
for forming an integral sealant O-ring for sealing fasteners
of mating surfaces of a fuel tank. The method may be used
during manufacture to install fastener istallation 200, FIG.
2. Optional steps of the method may be used to install
fastener installation 300, FIG. 3, as described below.

In a step 610, a chamfter 1s formed 1n a first mating surface.
The chamfer 1s formed substantially concentric with a first
hole through the first mating surface adapted for receiving a
fastener. For example, after the first hole 1s drilled with a
standard drll bit, the chamifer 1s drilled 1into an outer portion
of the first hole using a countersink drill bit. Alternatively,
the hole and chamier may both be drilled 1n one pass using
an all-in-one type of countersink drill bit. Drilling of the first
hole and the chamifer are preferably performed without
lubrication (e.g., without BOELUBE®) to provide a clean
surface for sealant adhesion. In an example of step 610,
chamifer 110 1s formed in outer surface 131 along the fay
interface, as depicted 1n FIG. 2. In some embodiments,
chamifer 110 1s instead formed 1n inner surface 132 (not
shown). In other words, integral sealant O-ring 112 may be
tformed along the fay interface 1n either outer surface 131 or
inner surtace 132 without departing from the scope hereof.

In an optional step 615, an additional integral sealant
O-ring may be formed around the shank portion of the
tastener adjacent the tapered end. In an example of optional
step 615, additional integral sealant O-ring 142 1s formed
around shank portion 122 adjacent tapered end 121, as
depicted 1n FIG. 3 and described above. Narrow chamfer
140 may be added by drilling with a countersink drill bat
having a narrower cone angle compared to that used to form
wide chamier 124. For example, wide chamier 124 may
have a cone angle of about forty-five degrees and narrow
chamier 140 may have a cone angle of about thirty degrees
with respect to shank portion 122. However, narrow chamier
140 may be formed with any cone angle narrower than wide
chamifer 124 so long as the bearing area of fastener 120 (i.e.,
the unchamiered portion of the fastener hole around shank
portion 122) 1s reduced by less than fifty percent, including
the reduction of the bearing area of fastener 120 due to
chamifer 110. When a fastener 1s 1inserted 1n step 640, narrow
chamier 140 provides a radial channel around a portion of
tapered end 121 and around shank portion 122 adjacent
tapered end 121.

In a step 620, sealant 1s applied along a first mating
surface. In an example of step 620, sealant 115 1s disposed
along the fay iterface prior to pulling the first mating
surface together with a second mating surface. In certain
embodiments, sealant may be applied to either or both of the
first and second mating surfaces. An example of sealant 1135
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1s 3IM™ Aecrospace Sealant AC-350 (3M, Maplewood,
Minn.). Sealant 1135 forms a fay seal intended to prevent fuel
from seeping along the fay interface.

In an optional step 625, sealant 1s applied to an inner
surface of a narrow chamier prior to insertion of the fastener
to form an 1ntegral sealant O-ring. In an example of optional
step 625, sealant 1s applied along the inside of narrow
chamier 140 prior to 1nsertion of fastener 120.

In a step 630, a second mating surface 1s arranged
substantially parallel with the first mating surface, and a
second hole through the second mating surface i1s aligned
with the first hole through the first mating surface. In an
example of step 630, outer surface 131 is arranged substan-
tially parallel with inner surface 132, and the first hole
through outer surface 131 1s aligned with the second hole
through inner surface 132.

In a step 640, a fastener 1s mnserted through the first hole
and the second hole. In an example of step 640, fastener 120
1s 1nserted through the first hole of outer surface 131 and the
second hole of inner surface 132. In certain embodiments,
the fastener 1s cleaned prior to nserting through the fastener
holes to ensure proper adhering of the sealant with the shank
portion of the fastener. For example, a simple rotary clean-
ing station may be provided at a wing assembly station to
enable cleaning of fasteners immediately prior to installa-
tion. Clean fasteners are preferably handled by a gloved
operator (e.g., wearing white cotton gloves commonly used
in manufacturing operations) to prevent contamination dur-
ing installation. In embodiments having a narrow chamfer
140, an additional integral sealant O-ring 142 1s formed 1n
a radial channel around shank portion 122 at tapered end 121
to prevent fuel seepage from the fuel tank along shank
portion 122 to the outside.

In a step 630, first and second mating surfaces are pulled
together by tightening at least one fastener. In practice, a
plurality of fasteners are used to pull the mating surfaces
together; however, only one fastener 1s described and
depicted 1n the figures for clarity of illustration. Tightening
of the fastener(s) traps a portion of the sealant within the
chamier for forming an integral sealant O-ring around a
shank portion of the fastener. In an example of step 650,
outer surface 131 1s pulled together with inner surface 132

by tighteming fastener 120, which compresses the sealant
layer trapped 1in chamifer 110 for forming integral sealant
O-ring 112 around shank portion 122.

By using method 600, fuel leakage i1s prevented from a
wet wing aircraft by forming the integral sealant O-ring
along the shank portion of the fastener. Advantages include
improved reliability, reduced labor associated with applying
a fillet seal around the edge of a head portion of the fastener,
and reduced labor and sealant associated with applying a
daub seal to the head portion of the fastener.

Many different arrangements of the various components
depicted, as well as components not shown, are possible
without departing from the spirit and scope of the present
disclosure. Embodiments of the present disclosure have
been described with the intent to be illustrative rather than
restrictive. Alternative embodiments will become apparent
to those skilled in the art that do not depart from 1ts scope.
A skilled artisan may develop alternative means ol 1mple-
menting the alorementioned improvements without depart-
ing from the scope of the present disclosure.

It will be understood that certain features and subcombi-
nations are of utility and may be employed without reference
to other features and subcombinations and are contemplated




US 11,346,387 B2

7

within the scope of the claims. Not all operations listed in the
various figures need be carried out in the specific order
described.

The 1nvention claimed 1s:

1. A sealing assembly for sealing fasteners in mating
surfaces of a fuel tank, comprising;:

an 1nner mating surface having an iner hole for receiving,
a fastener;

an outer mating surface having an outer hole for receiving
the fastener, the outer hole being aligned with the inner
hole;

the fastener having a shank portion aligned through the
inner hole and the outer hole and a head portion
protruding adjacent the inner mating surface for tight-
ening the fastener;

a first chamier 1n an outer side of the outer mating surtace
adapted for receiving a tapered end of the fastener;

a second chamier 1n an 1nner side of the outer mating
surface, the second chamier being around the inner hole
and along a fay interface between the inner mating
surface and the outer mating surface;

a layer of sealant applied along the fay interface; and

an 1ntegral sealant O-ring formed in the second chamier
by the layer of sealant upon tightening of the fastener.

2. The sealing assembly of claim 1, wherein a width of the
second chamifer 1s less than or equal to half of a distance that
the head portion overlaps the shank portion.

3. The sealing assembly of claim 1, wherein a depth of the
second chamfer 1s less than or equal to half of a thickness of
the 1nner mating surface.

4. The sealing assembly of claim 1, wherein a cone angle
of the second chamier 1s between about fifteen degrees to
about sixty degrees with respect to a longitudinal direction
of the shank portion.

5. The sealing assembly of claim 1, wherein the integral
sealant O-ring prevents fuel leakage from a wet wing aircrait
along the shank portion of the fastener without a daub seal
applied to the head portion of the fastener.

6. An aircrait sealing assembly for sealing fasteners in
mating surfaces of a fuel tank, comprising;

an 1nner mating surface having an inner hole for receiving
a fastener;

an outer mating surface having an outer hole for receiving,
the fastener, the outer hole being aligned with the 1nner
hole;

the fastener having a shank portion aligned through the
inner hole and the outer hole and a head portion
protruding adjacent the inner mating surface for tight-
ening the fastener;

a first chamier in the outer mating surface adapted for
receiving a tapered end of the fastener;

a second chamfer, concentric with the first chamfier, the
second chamifer having a narrower cone angle than that
of the first chamier such that a radial channel 1s formed
around a portion of the shank and a portion of the
tapered end; and

a layer of sealant applied along the second chamier such
that an integral sealant O-ring 1s formed 1n the radial
channel.

7. The aircraft sealing assembly of claim 6, wherein a

cone angle of the first chamier has a wider cone angle than
the second chamfier.
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8. The aircrait sealing assembly of claim 7, wherein a
cone angle of the first chamfer 1s about forty-five degrees
and a cone angle of the second chamier i1s about thirty
degrees.

9. The aircraft sealing assembly of claim 6, wherein a
bearing area of the fastener 120 1s reduced by less than fifty
percent due to the second chamier.

10. The aircraft sealing assembly of claim 6, wherein the
integral sealant O-ring prevents fuel leakage from a wet
wing aircrait along the shank portion of the fastener without
a daub seal applied to the head portion of the fastener.

11. The aircrait sealing assembly of claim 6, further
comprising a third chamfer in one of the inner mating
surface or the outer mating surface along a fay interface
therebetween, wherein sealant applied along the fay inter-
face forms an additional integral sealant O-ring 1n the third
chamier upon tightening of the fastener.

12. A sealing assembly for sealing fasteners in mating
surfaces of an aircraft fuel tank, comprising;:

an inner mating surface having an inner hole for receiving
a fastener;

an outer mating surface having an outer hole for receiving
the fastener, the outer hole being aligned with the 1nner
hole;

the fastener having a shank portion aligned through the
inner hole and the outer hole and a head portion
protruding adjacent the mner mating surface for tight-
ening the fastener;

a first chamier 1n an outer side of the outer mating surface
adapted for receiving a tapered end of the fastener;

a second chamfer 1n an inner side of the outer mating
surface, the second chamier being around the outer hole
and along a fay interface between the imner mating
surface and the outer mating surface;

a third chamifer in the outer side of the outer mating
surface, concentric with the first chamfter, the third
chamier having a narrower cone angle than that of the
first chamifer such that a radial channel 1s formed
around a portion of the shank and a portion of the
tapered end;

a layer of sealant applied along the fay interface; and

an integral sealant O-ring formed 1n the second chamifer
and the third chamier by the layer of sealant upon
tightening of the fastener.

13. The sealing assembly of claim 12, wherein a width of
the second chamier 1s less than or equal to half of a distance
that the head portion overlaps the shank portion.

14. The sealing assembly of claim 12, wherein a depth of
the second chamfter 1s less than or equal to half of a thickness
of the outer mating surface.

15. The sealing assembly of claim 12, wherein a cone
angle of the second chamfer 1s between about fifteen degrees

to about sixty degrees with respect to a longitudinal direc-
tion of the shank portion.

16. The sealing assembly of claim 12, wherein the integral
sealant O-ring prevents fuel leakage from a wet wing aircrait
along the shank portion of the fastener without a daub seal
applied to the head portion of the fastener.

% o *H % x



	Front Page
	Drawings
	Specification
	Claims

